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THE PROBLEM OF TIRE SIZES FOR AIRFLAriE WEEELS* 
By Franz Michael 



IITTRODUCTIOIT 



Several years ago the development of hit;;h-presr-ur e 
tires seeLied to have reached the stage where international 
standardization of airplane tires and wheels was ahout to 
he achieved. Now the sudden change to balloon or low-pi'ss- 
sure tires, hroUig^'ht ahout hy the American experiments with 
low-pressure tires, has hrought this development to a full 
stop. Efforts at a tentative international standard for 
wheel huhs are under way, to facilitate an e^ichange of 
wheels. But any attempt at standardization of wheels shoiild 
begin with the tires, because, after all, the shape of the 
tire is of decisive importance for the desi^'n of wheels, 
brakes and wheel hubs. 

For that reason it seems extremely timely to raise the 
question of best tire sizes for airplane wheels. Specifi- 
cally^, it is appropriate to obtain to a comprehensive sur- 
vey of the influence of different size tires on its quali- 
ties in order to be better able to pass upon any proposed 
new desii:;ns. 

At the present time every'" country^ is engaged in de- 
signing new tire series which, after all differ but little 
from each other in many respects. 

On the basis of experiments and theoretical considera- 
tions a proposal is made for a standard tire series for air- 
plane wheels, without rer:ard to existing standards. It is 
only with an ideal classification, as it were, that a com- 
parison with the already existing standard proposcils has 
any proper meaning. 



* "Zur Frage der Abmessungen von Luftreif en fiir Flugzeuglau- 
frdder." Z. F. M. , July 14, 1932, pp. 377-390. 
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A, (mkg) energ;/ absorption of tire loaded to 

arbitrary deflection X. 

Ag , (mkg) ener(;y absorption of tire loaded to 

deflection 

A^, , (i^d-^g) energ-y absorption of a sxioclc absorDtion 

system loaded to maxirraim elastic travel 




b, (cm) width of tire, i.e. diameter of tire cross 

section. 





( cm) 


width of brake drum. 


D, 


( cm) 


outside diameter of tire. 




( cm) 


diameter of brake drum. 




( cm ; 


ground pressnire area of tire under arbitrarily 
assumed wheel load; i.e. area of contact of 
tire by which the bearing pressure is 
transmitted to a level supporting surface. 


^ e ♦ 


( cm ^) 


area of contact of tire approximated as 
ell ip s e . 


^ e' 


( cm ^) 


area of contact of tire when tire deflection 
\ ~ \e • 


^b ' 


(cm") 


braking surface of wheel brake, i.e. total 
area of brake bands. 


f , 


(cm) 


elastic travel of tire under arbitrary per- 
pendicular loading of wheel axis. 




( cm) 


maximum travel possible by air shock absorp- 
tion, i.e. deflection of tire to the rim. 




(cm) 


elastic travel under load, i.e. travel under 



static tire load as result of airplane 
weight • 
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, (cm) corr esr^ondin^-; trc?vel of shock a"bsor"Der, 
1 i.e. landin;, ;;'3ar shock absorption ad- 

ditive to that of tire. 

(cm) height of obstacle . 

(~'~~^"^) specific 'brakin.^ po^er of "brake li^axids of 
s cm _ ^ ^ 

wheel brake. 

safe impact factor of tire, i.e. q\iotient 
of tire loading ^-^hen X = \^ and wheel 
load (X. = \) . ^ 

(kg) tire loading. 

(kg) maximum permissible static load on tire 
due to gross weight of airplane. 

(.kg) maximum loading of tire, i.e. when \- X^. 

, (kg) corresponding forces of the shock absorber. 

1 

(kg) braking action, i.e. force of deceleration 
transmitted to airplane witli complete 
braking of wheel. 

(atm.) air pressure of air-inflated tire under 
arbitrary deflection X. 

(atm.) inflation pressure, also air pressure by 
X = 0. 

(atm.) absoliite pressures (p = p + l)« 

" Po » (stm.) rise of air pressure under loadin;, of 

tire with arbitrary wheel loadf-., 

coefficient for defining area of contact 
approximated as ellipse. 



u 

'~0703 



form coefficient defining the loa(3 ab- 
sorption. 



(m/s) rate of rolling of airplane at start oj 
first full brake action of a braked 
landing . 
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8-, decree of utilizatiba of brake driin\ area with 

given brake band arr a ageivient . 

brp 

G = — , relative width of bra--:e driir:i. 

Dip 

correction factor for sidewall stiffness of 

tire to define the load absorption froi:; c-rea 
of contact and air pressure in tiro. 

r\, ratio of available to maximum energy of shock 

ab s orp t i on d iagram . 

coefficient for defining rise of air pres^^are in 
tire. 

K = .jL, tire deflection dv.e to arbitrary tire loading/ 

b 

X _ Z.L, tire deflection due to static loadinj; F' . 

r b ^ 

\ -~ maximun -possible tire deflection, 

g b * 

Xq, tire deflection, at which the actual area of 

contact equals the contc:ct area approximated 
as ellipse. 



cp rr ~ , form ratio of a tire, 

b 



ELASTIC QUALITIES 0? TIIxES EO.H AIHPLAIIS iVHEELS 

The tire of an airplane wheel represents an air c^-ish- 
ion within a rubberized fabric c.ising. The inherent stiff- 
ness of the rubber casing, compared with that of the custom- 
arj' automobile tire of similar si?e, ir. ver:^ low. ronse- 
ciuentl^^ it should be possible in simplo fashion to c. ermine 
the lo.Lid absorption of an airplane tire of any size with 
sufficient accura.cy by calculation from the /jiven data on 
air volume and inflation pressure (initial air press-are^ 5n 
inner tube ) . 

As basis hereto', various load test series were to be 
used. Proceeding; from earlier experimental results v/e in- 
troduce the following quantities as t^^pical values of an 
airplane tire, that is, as independent variables: 
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Tire width Id , as criterion of tire size and of elastic 

travel of t ir e . 

Form ratio cp = as criterion of the type of design. 

"b 

Inflation pressure p^, as criterion of the cliange in 

elastic properties (load ah- 
sorption for given tire size) 

At the same time wp- express the elastic travel of the 

f 

whe(?l a-xis relative to a load as the ratio X - — — = 

c 

elastic_t£avel ^ ^^^^ „^.^^ deflection." 

tire width . 

We began with loading experiments on a level suj'port- 
ing surface, static in the compression press and dynamic 
in the drop hammer. 



1. LOADING TESTS TO DETERiaiTE THE LOAD 
ABSORPTION ON A LEVEL SUPPORTINO SURFACE 

Test Procedure 



In order to gain an insight into the "behavior of dif- 
ferent tires it was necessary to make th-ese tests with spe- 
cial tires of widely varying form ratio. We had at our 
disposal several tires with flat "base rim of a G-erman stan- 
dard series and two American low-pressure tires of the 
G-oodyear Tire and Ru"bl)er Com.pany, whose huhs also conformied 
in design to the flat "base rims of the high-pressure wheels 



TABLE I. EXAMINED AIRPLANE TIRES 



Tire 


sizes 


9 For 
nominal 
sizes 


Dimensions 


Appl ied 
pressure 


inflation 


m 




D X 




mm 


<? 


p i n a t m 


22 X 


10-4 


2.2 


565 


X 


250 


2.26 


0.5; 


1; 


1.5; 2 


30 X 


13-6 


2 . 31 


755 


X 


328 


2 . 3 


0.5; 


0.7 

T 


5; 1; 1.5; 


1 , 300 


X 300 


4. 33 


1,270 


X 


318 


4.0 


2 

1; 3 


4; 


5 


1 ,100 


X 220 


5,0 


1,115 


X 


225 


4 . 95 


1 ; 3 


4; 


5 


810 


■X 125 


6 .48 


800 


X 


126 


6 . 35 


1; 2 


m . 


4; 5 


760 


X 100 


7 . 6 


749 


X 


99 


7 . 57 


2; 3 


4 





mm X .0393? = inches 
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The talDle contains the nominal as v/ell as the actual 
sizes defined hy applying the usual inflation pressures, 
and the inflation pressures themselves. Accordingly the 
form ratio is given with respect to the nominal and to the 
actual sizes. For all suosequent piirposes only the actual 
tire sizes are used as basis. Gonformahly to the appended 
inflation pressures the experiments v;ere extended to un- 
usually high pressures on the low-pressure tire and to Iof 
pressures on the high-pressure tire. 

The loadings were applied as static loads with differ- 
ent inflation pressures up to touching of the rim, in addi- 
tion to drop tests in the DYL 3-ton drop hammer, from, dif- 
ferent heights and with a given inflation pressure. The 
drop weights were so cnosen that, on impact, the tire prac- 
tically deflected to the rim. 

Area of contact with the supporting surface, air pres- 
sure in tire, load on wheel and elastic travel :vere defined 
in the static tests. Owing to tlie suoord inat e role of the 
stiffness of the thin protector of tl.e airclane tires, the 
data on the area of contact , .ohtained hy im^^rint of the 
Dlac±ened tire on chalk- c ov e r ed paper, were of great impor- 
tance. In the strict sense of the word these contact areas 
are valid only for loading on -a level, :.ard, and coi.' ara- 
tively smooth surface. The rate of loading, was approxima- 
tely one minute per stage. From the measured elastic trav- 
el the tire deflection X' relative to the actual tire width 
was then determined. The dynamic tests were intended to 
supply a dynamic diagram comparaole to the static shoch ab- 
sorption diagram, so as to afford the percentage deviations 
between both types of loading. In this manner the dynamic 
qualities of the tire are readily estimated from a very eas- 
ily determinable static diagram by corresponding percentaged 
additions. 

The drop-hammer test yielded shoch force and elastic 
travel Y/itn respect to time, height of drop and rebound, 
and, in several cases, the number of bounces up to co..:rlete 
rest position of ham^mer. 

Results ofTests 

In Figure 1 the area of contact hr s been plotted 
against tire deflection k for all tires. It rises lin- 
early for all tires up to about X ^ 0.5, aoove it, the 
tires with small: form ratio cp lag behind relative to the 
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strai&ht rise, whereas the tire with lar^'e form ratio, as 
the 760 X 100 size for example, maintains this straight 
rise until italmostridesontherim. . 

The rise of the air pressure in the tire is most read- 
ily portrayed "by plotting the ratio of pressure rise Ap 
to c?.hsolute inflation pressure p^ in logarithmic scale 
against deflection X.. (Figs. 2, 3, and 4.) It is seen 
that the curves (aside from a few values, esp ec ial ly, "by 
small deflection) are fairly straight, so that representa- 
tion "by simple exponential function is admissihle. As con- 
cerns the dependence on the chosen inflation pressure it- 
self, it was found that the ratio ^E- deviates somewhat 

Po 

stronger at very low air pressure, whereas the test .points, 
at higher air pressure in the tire, are practically coinci- 
dent in one single curve. It is noteworthy that here also 
the halloon tire fits perfectly among the other tires. 

Some of the load ahsorption curves of the static tests 
are reproduced in Figures 5, and 6. They manifest the well 
knov;n slightly curved aspect. Below these curves is the co 
responding air pressure in the tires. The damping obtained 

under static load, defined as the ratio of — Iost_energy — 

absorbed energy 

during one load cycle averaged 

9 per cent for the high-pressure tires, and 
12 " " " " low-pressure tires. 

The curves for the other tires, being similar, were 
omitted. • ' 

The dynamic tests yielded the following. Even a drop 
test from very low height already reveals a greater (al- 
though not appreciable) energy absorption than in the stat- 
ic test. Increasing the height of drop and chosing the 
weight snch as to approximately use up (to about \ - 0.7) 
the m.aximum elastic travel of the tire available during the 
test results in a very unessential change in the load-trav- 
el curve previously recorded for low height of drop, so 
long as the particular height up to 1 m, or 4.5 m/ s shock 
rate, is not exceeded. Figure 7 shows the load absorption 
of the 30" X 13' (752 X 330) American tire in drop hammer 
test at different shock rates plotted against the elastic 
t rav el . 
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DATA OF liROF TEST 



ji igu. r e 



Hei-ht of 



7 


drop 


A 


0 


cm 


X 


16.3 


M 




■ 49 .7 


II 


□ 


68 .2 


11 


O 


88 . 4 


II 



Inf lat ion Pr es sure_P o_=_l ^2 5_at 

Rate of drop v-hen 

^iltiiis. 



Weight of hammer 



2,21? kg 
1,343 " 
. 734 " 
565 " 
480 " 



0 ' m/s 
.1.8 " 
-3 . 1 " 
-3.7 " 
-4.2 " 



Height of 
drop 



Inflation Pressure 
Weight of hammer 



p Q = 0.5 a t m . 



Rate of drop v^hen 
hit t ing 



A 
X 

o 



0 cm. 
15.4 " 
44.3 " 



1 , 308 kg 
710 " 
480 " 



0 m/s 
1.7 " 
3.0 " 



cm X .3937 = 



m I 



kg X 2.20452 = llD. m/s X 3.28083 - ft. /sec 



We only show the curves of the static loading and 
those of the drop test from maximum height, and a few se- 
lected data from the intermediate tests. It is seen that 
within range of the employed shock rates, the load-travel 
curves show a discrepancy only under small deflections, 
that is, they approach in this range at small shock rates, 
the load-travel curve of the static test. The other tires 
showed the same "behavior, hence reproduction of the curves 
is superfluous. The absorption of force under dynamic load- 
ing at shock rates up to 4.5 m/s was from 6 to 15 per cent 
higher than under static loading, wherein the low figures 
are for the high-pressure tire and the high figures for the 
low-pressure tire with very low inflation pressure. The 
discrepancy "between the dynamic and the static damping is 
minor, although it is ordinarily a little higher in the dy- 
namic test. As concerns the shock figures, the 810 X 125 
and the 30" X 13" (7.^2 X 330) tire for example yielded the 
figures appended in Ta"ble II ^ 
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TABLE IL. Ku:,;33E 0? I'EOFS 



T i 1- e 


He i gilt 
of drop 
cm 


Fal 1 ing 
w e i gh t 
kg 


Inf lat ion 
pr e s STii- e 
a t m . 


N-urroer of 
drops 




10 .1 


660 


3.0 


16 


810 X 125 












14.7 


565 


4.0 


20 




15.6 


710 


0 . 5 


14 


30" X 13" 


14.0 . 


928 


0.75 


17 


(7 62X330) 


15.7 


1 , 50 3 


1 . 5 


23 



The quoted figures are merely intended as an approxi- 
mate picture for the two tires under approximately identical 
test conditions. A more searching inv e s t igat i on within the 
scope of this report is superfluous "because the infliience 
of the p-rincipal dimensions of the tire on the damp i-ng was 
found to "be inferior. Another fact to he rememhered is 
that the dynamic -tests had to he limited to the nonrolling 
wheel, so that the plotted curves of the dynamic tests have 
a more theoretical aspect. At the same time, no conclusions 
should 'ce drawn from, the damping ohtained hy the static test 
ahout the dam-ping hy rolling wheel. 



2. DEFIITITION 0? P0W3H ABSORSED 



The loading experiments revealed, as anticipated, that 
hy selection of correct reference quantities, even the low- 
pressure tires that differ so much in shape and inflation 
pressure, align themselves consistently in their hehavior 
into the series of the other tires. Con s eo^uent ly it is 
justified to deduce an approximation formula for computing 
the load ahsorption of any tire hased upon the experimental 
results of the preceding chapter. To define the elastic 
properties of any tire the data for the static load ahsorp- 
tion suffice for practical cases. With this information 
the other values are readily estimated on the "basis of the 
test data for ordinary airplane tires. 
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a) Devel opnient of ApprQxiiviat ion 
Formula for Load Aosorption 



The pertinent test data necesas'.ry iiereto are: 

1. The increase in contact area must he sufficiently 

proportionate to the tire def lectio n, 

2. The rise of air pressure in the tire must "be 

sufficientlv proportionate to the product of 
ahsolute inflation pressure and sq^i.are of tire 
deflection. 

3. The product of contact area and air pressi^re hy 

given deflection must ohtain to a sufficiently 
accurate conclusion of the static vertical 
loadin^; on the tire. 

We hegin with the contact area dependent on the tire 
deflection. Instead of the actual contact area, we deter- 
mine the area of the approximated ellipse as shown in Fig- 
ure 8 • 

Assuming a certain deflection X < 0.5, and with the 
fact in mind that 

^ - cp and t = \ 
0 "b 

w e obtain 

^ TJ \ (cp - M (1 - X) 

This approximation of area of contact hy an ellipse 
is very crude for a large range of the deflection. In fact, 
it loses all practical significance as approximation when 
\ >0.G. But there is one deflection \^ for eacl';. tire 
size, at which the area of ellipse F^ eq;xals txie actual 
contact area F, and to define it ^.--e deter-^ine the area of 
ellipse F^ for deflection \ - 0.4 to \ = 0.65. 

To facilitate the calculation of the ellipse -e -out 
and plotted the value 



u = nX-:/(? - \) (1 - X) 
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in- Figure 9 against the form ratio cp for different values 
cftiredeflectionX. 

The curves for obtained on the basis of Figure 9 

are shown in Figure 1. Then the actual contact areas were 
approximated "by straight lines rnd it was found that these 
lines could he .satisfactorily combined into, one group by a 
slight zero point displacement for X = 0.03. 

The intersection of the F^^ with the F curve re- 
veals deflect.iou \g, i.e., that at which F equals F^', 
the contact area of the ellipse. Thus Figure 1 yields for 
the actual area of contact the following equation: 



■ F = F ^- A ."^^9 * ^ ^- 
® 0.03' 

with F(^ ' = u b" substituted for ^ = and F = 0 for 
0=^A-<0.0 3. 

And together with the terms that depend only on 
and thus on cp, the contact area finally becomes 

r = V. ( X- 0.03) b^ 

wherein the form coefficient 

V 

\ - 0.03 • 

was defined by experiment and plotted in Figure 10 . ainst 
form ratio cp. 

How we examine the rise in air pressiire. In Fic:."ures 2 
to 4 the curves for the pressure rise, that is, the ratio 

^E., have been replaced by straight lines, the straight lines 
Po 

of the approximation fairly representing the usual pressures 
for the respect ive tire. This yields as approximation for 
the pressure rise the equation 

= K X^ 

Fo 

A J) 

The factor K denotes the pressure ratio for 

Po 

ideal deflection \ - 1. Figure 11 shows these K values 
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plotted against form ratio cp . It results in a curve with 
pronounced rise as cp diminishes. One feature of the dia- 
gram is the marked rise of the air pressure in the Ioy;- 
pressure tires, one of the chief artiuments advanced in their 
favor . 

The air pressure at any deflection is: 
P = Po + Po 

and the load alDsorption is approximately correct at 

P = ^ p F 

with ^ - correction factor for the influence of stiffness 
of the tire walls. With zero stiffness, ^ - 1, i.e. , the 
contact pressure would "be evenly distributed across the 
whole contact area and would exactly correspond to the air 
pressure at every point. 

But in reality', there is a certain stiffness, which "by 
low air pressure especially is anticipative of greater load 
a"bsorption than corresponds to the product air pressure X 
area of contact. It is seen that within amhit of the pres- 
ent approximation it suffices to show the correction factor 
solely as function of the air pressure in the tire. Jot 
the discrepancies in stiffness from the point of view of 
chosen tire wall thicknesses are, after all, not very es- 
sential in a chancre from high to low pressure type. Sev- 
eral experimentally defined are shown in Figure 12, 
plotted against the inflation pressure. To define these 
values we su"bstituted the measured values for different de- 
flections in place of load a*bsorption, contact area and air 
pressure, and formed an average value of ^ frr each load- 
ing experiment. The thus o"btained ( values were traced in 
Figure 12 and approximated "by a curve. It is seen that for 
pressures a"bove 3 atm. the discrepancy of the load assump- 
tion from the product p F is only a fev; per cent and 
wholly within the order of magnitude of measuring accuracy. 
At pressures "between 0.5 and 1 atu. on the other hand, 
the discrepancy already ranges hetween 10 to 20 per cent. 
For Pq - 0, ^ must = ^ , "because of the existence of load 
absorption due to tire stiffness, despite the a"bsance of 
inii'^r negative pressure. 

At last the final approximation formula for load ab- 
sorption re?ds 

p = r^^'^Cpo^ pok;?) 0^ - 0.03) 
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where in 



to be ta3::eii from YiQure 12 



tl 



II 



tl 



II 



II 



10 



II 



If 



II 



II 



It 
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An illustrative example of load alDsorption computed 
according to this formula is afforded in Figure 13, which 
was carried out on a 1,100 X 220 tire, on the "basis of the 
nominal sizes and of the permissihle maximum deviat ions for 
diaiiieter and tire width conformably to the G-erman tentative 
standard DIU L19. We included two other curves from two 
different 1,100 X 220 tires for comparison.- The' hatched 
zone corresponds to the change in load ah sor>: t ion al ready 
possible hy admissible dimensional deviations. Of course, 
this zone becomes smaller if the absolute elastic travel is 
chosen as abscissa instead of the deflection. 

In order to facilitate the determination of the energy 
absorption of any given tire the approximation formula is 
graphically shown in Figure 14. It yields the static tire 
loading for any deflection X by given form ratio cp , in- 
flation pressure Pq and tire width b, so that the de- 
sired load absorption curve by eventual interpolation for 
intermediate inflation pressure can be forthwith plotted. 



Because of the proportionality between area of contact 
and deflection throughout the entire range up t o maximum 
deflection \g, stipulated in the development of the ap- 
proximation formula, the latter indicates unduly high val- 
ues for the tire load in vicinity of \- Xg y especially 
for tires with small form ratio cp , a fact which must be 
kept in mind when determining the possible total energy ab- 
sorption ofthetires. 

The extent of the influence of the admis.s ibl e: devia- 
tions of tires from the nominal si^'.es on the .-amount of load 
absorption is readily manif est ed by the calculated curves 
of Figure 13. besides these deviations in size there is 
the influence of the tire form itself, as, for example, the 



b) Limits of App r oximat i on F o rmula 
for Absorption of Energy 
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amount of rim diameter v/ith i;^'iven tire diameter. The di- 
rect influence of a larjer rim diameter on the load ahsorp- 
tion should not he very great. The ahsorption c^irve would 
simply he hounded hy a lower maximum deflection \ . On 
the other hand, it should he rememhered that a chaii^-^e in 
rim diameter is now and then bound up with a material 
change in available total air volume. To be sure, one will 
strive to maintain a sufficient air volume by appropriate 
design of rim base, as in the case of "streamline tires." 
In any case, the application of the approximation formula 
to tires v/ith markedly deviating rim shape should be accom- 
panied by a check on whether the area of the tire inner 
cross section (section of cylindrical air volume) referred 
to tire v/idth 1 is in approximate agreement with the cross- 
sectional area of the examined conventional tires with flat- 
base rim. Since the amount of air volume is decisive for 
the rise in air pressiire, marked deviations by moderate 
changes in rim shape are not anticipated except with tires 
of very low inflation pressure, where the rise in air pres- 
sure exerts a marked effect on the absorption of energy. 
As to the stiffness, no serious divergence from the computed 
energy absorption curve is expected, unless the tire has es- 
sentially stiffer walls, such as an especially heavy protec- 
tive casing, for instance. 



3- RISE 1¥. ".THEEL EORCE WHEN ROLLII\[& OVER AIT OBSTACLE 



One decisive advantage of the low-pressure tire is its 
excellent rolling qualities on uneven ground. Now it be- 
comes especially important to determ.ine what definite quan- 
tities of the airpl£.ne tires primarily influence these roll- 
ing characteristics. Su.ch an investigation really should be 
made on predicated assumptions of landing gear arrangement, 
mass distribution etc.. although a few elementary experi- 
ments suffice to give a qualitative picture of the condi- 
tions. Assume the airplane, fully loaded, rolls over per- 
fectly level ground. Then the wheel center moves at con- 
stant distance from the ground, corresponding to tire de- 
flection A ^ ; force of tire and load on rheel are in equ.i- 
librium. Now a roll over a small obstacle upsets this equi- 
librium, in so far as the wheel force, due to the changed 
contact area and tire de: oriaat ion increases because of the 
obstacle. The result of this increase is a fluctuation of 
the airplane mass depending on the softness of the tire and 
on the shock absorber. Next assume that the airplane does 
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not diverge when passing over the ohstacle. Then the force 
of the wheel increases, "bnt only as affected oy the tire 
size, which is a specific property of the tire. There is 
no dou'ot hut that that tire is the host which shows the 
smallest increase in force in si^ ch a test, "becr-ase then no 
marked disturbance in rollin,'^' equilihrium of the free roll- 
ing airplane is to be expected. 

In order to simplify the experiment we stat icc-.lly 
tested the airplane wheel with different obstacle settings 
up to A-p = 0.3 relative to level supporting surface, in- 
stead of measuring the force with rolling v/heel. (Loading 
period about 2 m.inutes.) As obstacle we used two rou.nd 
pieces of timber 20 and 40 mm high. Figure 15 shows the 
•two . tires, 810 X 125 and 30" X 13" (762 X 330> in the large 
obstacle test; Figure 16, divers areas of contact of the 
same tires at different settings of the large obstacle. 

In this obstacle test we defined the ratio of the 
wheel force with obstacle (P) and withoxit obstacle (Pq) 
for the same load deflection as illustrated in Figures 

17 and 18. The experiments revealed that the m.aximum in- 
crease does not lie in the center. In these static tests 
the wheel force increment is symmetrical to the center set- 
ting of the obstacle, whereas a certain un symmetry ' to be 
expected in an actually rolling wheel. According to Figure 
17, the increase in wheel force is not great with small ob- 
stacles, although it amounts to 15 per cent for the 750 X 
100 and the 810 X 125 tires. 

With the 40 mm obstacle the d i s c r ejj anc i e s between the 
individual tires however, became appreciable. The tire 
with the smallest iijicrease was the 1,300 X 300 one at 
p ^ atm. , followed by the 30" X 13" (762 X 330) low-pres- 
sure tire with almost the same increase. As the tire width 
diminishes the rise in wheel force becomes markedly greater 
and reaches more than 50 per cent for the 750 X 100 tire 
with 3 to 4 atm. inflation pressure. A test with the same 
tire but inflated to 1 atm. even revealed a rise of over 50 
per cent, which probably is due to the already quite high 
tire stiffness compared to the low inflation pressure. 

One notable feature is the fact that the absolute 
amount of inflation pressure has no decisive significance, 
but rather that it is largely a matter of the ratio of 
height of obstacle h to tire width b. In order to bring 
this out more clearly, Figure 19 shows the maximum increase 
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in wheel force versus the ~ ratio for "both ohstacles and 

h 

all tires. According to the diagram the ^ ratio surpasses 

b p 

all other influences to such an extent that the — ~ — val- 

ues could he approximated by a curve, notwithst a.nding the 
difference of the tested tires in design, air pressure, etc. 

The conclusions to he d r a v^n therefrom are: First, de- 
cide on the necessary minim.um elastic travel of the tire 
for a specific unfavorable ground to insure acceptable roll- 
ing over sm.all obstacles. Then the only significance of the 
inflation pressure is to insure a fitting coordination of 
the tire to the static v/heel load for a given elastic travel 
(tire v/idth) and a chosen form ratio cp (tire diameter). 
Since in small airplanes it is im^TPOssible to obtain large 
£l§i^iLi.?._t£^Y.§.]Lj except by low inflation pressure, l;L_f ort^h- 
^ilj-l-C.oll OYLS.„th§.t _1 

s I^s^l 1 _Air_Eil a s . To insure identically good qualities for 
large airplanes, on the other hand, does not necessitate 
such low inflation pressures. Rather the same good results 
can be achieved v/ith higher pressures, vdien providing tnat 
the tire v^^idth is sufficiently large with respect to the 
siso of the obstacle. 



4. FOHTlOlvT OF Tins OH SHOCK ABSORPTION OF AIRFLaI^E 



In order to obtain a summary of the part played by the 
tire in the total shock absorption thus far, we show in Fig- 
ure 20 the total elastic travel, tire travel, and lastly 
the elastic travel of the shock absorbers of various air- 
planes with orthodox landing gears plotted against the wheel 
load. The figures present averages for high-pressure tires. 

Whereas the scattering of the elastic travel of the 
tire with the given coordination of a certain tire to the 
gross weight of the airplane is small, that for the elastic 
travel of the shock absorber is appreciable, since the lat- 
ter is especially chosen by the designer according to air- 
plane perf ormanc e . 

Aside from the elastic travel, which already reveals a 
definite picture of the share of the tire on the total shock 
absorption, the portion of the tire on the energy absorp- 
tiveness of the total absorption of shock is likewise of 
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particular interest. , This portion is chiefly dependent on 
the character of the eraployed shock absorption mechanism. 

The energy absorption of any shock absorber can be de- 
fined by the int rodxxct ion of a ratio ri ^ of the shock ab- 
sorption diagram, that shows the ratio of the total avail- 
able energy of the completely extended shock absorber to 
the maximum possible energy: maximum load X maximum elas- 
tic travel. An approximation of the tire portion on the 
total shock absorption is the following: 

. _ = 

A^ + A,. n , Hjil^ia 

. ^ ■ Ti fg 

This is on the assumption tuat the tire reaches its 
maximum travel at the same time as the shock absorber does. 
In these considerations the relative travel between wheel 
and airplane mass in direction of the wheel load is always 
to be used as basis of the elastic travel of the shock ab- 
sorber. In the event of any appreciable transmission - 
mostly, varying with the elastic travel - between the travel 
of the axis and that of the shock-absorber at.ruts., the elas- 
tic diagram of the shock absorber must be. extrapolatea to- 
the wheel center. This is of particular importance when de- 
fining 'n i« ■ 

Figure 21 shows the values for the energy absorption 
quota determined on the basis of the middle curves of Fig- 
ure 20 and a mean r\ = 0.41 for airplane tires; T] varied 
between 0.36 and 0.45 in the experiments. It is manifest 
from Figures 20 and 21 that the quota of the tire on the 
total elastic travel as on the total energy absorption de- 
creases as the wheel load diminishes with the conventional 
high-pressure tires. So the application of small elastic 
travel on small airplanes is Justified when taking into ac- 
count the landing impact only and when assuming, at the 
same time, that the small airplane has a lower landing 
speed. This, however, is not always the case. Besides, 
when considering the shape of the ground during- rolling of 
the airplane independent of the airplane size,^and which 
every airplane must pass over, the reduction of elastic 
travel in small aircraft leads to inferior rolling charac- 
teristics. Thus the study of the tire quota- on the total 
shock absorption again reveals the urgent necessity for im- 
proved small tires by increased elastic travel, a need 
which does not exist so far as the large tires are concerned. 
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The Tvhole analysis of the elastic properties therefore 
makes it appear desirahle to establish a tire series, 'oe- 
ginnin^^ v-ith small ^^heels with lovz-pressure tires and ap- 
proximately t erminat inj;^' v/ith increasing wheel size in the 
high-pressure tire series. 



FACTORS AFFECTING TlHE DIMEl^SIONS 

Before proposing a standard series of tires for air- 
plane v/heels, "based mainly on the information in the pre- 
ceding chapters, we touch upon several prohlems, which like- 
wise exert soue influence on the size of the tire. Foremost 
among these is the resistance to rolling. 

1. g-rou:td pressure and resistance 



The development of the low-pressure tires resulted in 
markedly lower inflation pressures and through it, in ground 
pressure, which can he put as "being ahout equal to the in- 
flation "pressure* rj o w the question arises whether such ex- 
tended drop in inflation pressure with respect to the roll- 
ing resistance "becomes of such decisive im.portance, thr-t 
the choice of inflation press^ire is not amenahle to satis- 
factory definition from the points of view advanced in the 
preceding chapt er . 

Besides, in the prohlem of rolling resistance of an 
airplane tire, we must differential "between a number of fu.n- 

damentally different cases: 0 5:_Z^I.y;_±ia r d ^ 1 eve 1__^^ round 

(concrete taxiway for instance) the kneading losses of the 
tire are decisive for the rolling resistance. High infla- 
tion pressure and large diameter are necessary to lower the 
resistance. From this point of view the high-pressure tire 
is superior to the low-pressure type. 

0?:_Y.-^I.Z_kiiZ^j ^13it_t^.l±ii:P.Z„Lli:2."!i?15: ( ha r d frozen ground 

with surface very rough) the conclusions as to rolling re- 
sistance are similar as for the load absorption -.-/hen roll- 
ing over an obstacle. (Page 1^.) Tne rolling resistance 
is cut down by a tire oi great width. The only relative 
importance of the inflation pressiire is to coordinate a 
tire with a definite r.iaxr^rin elastic travel to a given wheel 
load. The ground pressi-'-re as absolute value is secondary- 
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The niore the tire gives., the smaller the tire cUaraeter may 
he. 

Cil_ver jr_sof t_£r Q_-an the rolling' resistance is not only 
'dependent on the 'tire' characteristics; on the contrary, 
"there is an added- resistance due to sinkinc: even if the 
ground is perfectly level. In this case the" inf lat ion pres- 
sure, that is, the g^round pressure, is of 'ahsolute impor- 
t anc e . 

The extremely low inflation pressures as already em- 
ployed for small 1 ov/~p r e s sur e tires, still insure' safe roll- 
ing on very soft, sumpy or sandy §-round. Biit these cases 
must l,e looked upon as out of the ordinary, hecause on nor- 
mal airports and emergency landing fields, the e:'::per ionces 
of many years with the conventional tires have shown that 
inflation pressures, i.e., ground pressures as high as 3 to 
4 atm. are permissible with appropriate tire dimensions. 

From the experiences at hand the following conclusions 
as to choice of tire dimensions can he drawn. The s:^':}llest 
possible tires are desirable. Reduction of the hitherto 
large diameter of high-pressure ti.res i.p.ist 'he absolutely 
accompanied "by lo^er inflation pressure, so as not i in- 
crease the r oil ing r.es istance on normal landing field 
groimd. The bounds within which to proceed are the old 
type high-pressure tires on onc3 hand, and the attested Good- 
year loy;-pr essure tires with low inflation pressure and 
small diameter on the other. 

As to the air resistance, it is pointed out that com- 
parative flight tests with the nons t r eaml ined wheels 
30" X 13" (762 X 330) low pressure and the 810 X 125 high 
pressure which have about the s<?ii:e wheel load, were slightly 
in favor of the high-pressure tires. Besides, it should be 
remembered that with well streamlined landing wlieels the re- 
sistance of the high-pressure tired wheel is appreciably 
less. The development of fast airplanes therefore L:a*.:es en- 
tirely new demands on wheel design and tiros, so that for 
the present at least," it is impossible to preciict what the 
final shape of tires actually will be for higa speed air- 
craft. But at the same time it is very ax^i^r opr iat e to ana- 
lyze the experiences gained up to nov; with high and low 
pressure tires, and to set up, if at all possible, one st^-rr- 
dard tire series in order to rei/iove the confusion existin-. 
among the users of airplane tires. 
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2. WHEEL LOAD AED LOAD DEELECTIOK 

The coordination of the static wheel load to any par- 
ticular size tire is "best accomplished "by using the static 
deflection Xj* , called load deflection, occurring under 
this vrheel load. Sometimes the deflection is referred to 
tire height ahove rim edge instead of to tire width. We 
intentionally preferred the latter "because it alone repre- 
sents a typical value from the point of view of shock a'b- 
sorption. To characterize the height ahove the rim edge it 
also requ.ires the amount of maximum deflection \g , which 
simultaneously comprises the utiliza'ble elastic travel of 
the tire. 

The choice of p ernii s s ihl e load deflection in airplane 
tires is primarily contingent upon the following: moderate 
Icneading deformation of tire "by smooth rolling over level 
ground, ample clearance "between rim and ground for rolling 
over obstacles, and lastly, a certain accord "between the 
elastic properties of the tire and those of the landing gear 
shocl-: ahsorher. In addition to this, the impact factors "by 
definite energy absorption must "be reconciled. 

The permissible load deflection in automobile tires is 
small, averaging = 0.15, although originally it was 

quite small in airplane tires also, (X^ ~ 0.15 to 0.2). 
But in recent times it was consistently increased, while 
the inflation pressure was reduced, until today it amounts 
to X^ - 0.3, or even more in some cases. The probable rea- 
son for this is the gradual brea"''away from the typical auto- 
mobile tire design, with the result that problems of j.-nead- 
ing deformation with respect to the demand for a soft elas- 
tic adaptable tire were pushed in the bac '.gr o^^nd . An exam- 
ple of tire deformation under different deflections is 
given in Figure 22 for the 30" X 13" (762 X 330) low-pres- 
sure tire and the 810 X 125 high-pressure tire. !7hen rid- 
ing on the rim (\g ^ 0.72) the low-pressure tire manifests 
a sharply defined fold in the casing. For full utilization 
of the energy absorption of such a tire it is advised not 
to lov;er the form ratio and the rim diameter to the extreme- 
ly low figures shown for this tire. 

The maximum deflection, so important for the reconcil- 
iation of the tire with the landing gear shoch absorber, 
rpnged between Xr. = 0.7 to 0.83 in the examined tires. 
The lowest figures belong to the tires with small form ra- 
tio. However, this is not the general rule, but rather the 
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result of the chosen rim dimensions. • How v?hen T7e consider 
the total energy absorption up to ridinx^- on the rim as 
availahle, the rat.io of the then appearing maximum energy 
to the simple static wheel load yields the safe impact fac- 
tor of the tire. The tests conceded impact factor n - 5 
to 6 relative to a v/heel load corresponding to A,^ ~ 0.2 
and n = 3 to 4 relative to a wheel load corresponding to 
\^ = 0.3. Admittedly it is desirable to have a higher im- 
pact factor for the tire than for the shock absorber, to 
prevent the former from riding on the rim before the shock 
absorber attains to its full absorption of energy. On the 
other hand, an unduly high tire impact factor neither pre- 
sents any advantage because it does not permit full utili- 
zation of the tire volume. The conventional airplane shock 
absorbers today have a safe impact factor ranging between 
2.5 and 3.5, so a tire impact factor of from 3 to 4 should 
be just about sufficient, i.e. a_l oad_de_f 1 ec t ion_o^^ ^r_z 
Q.jL3„.and__a_maxin^^ Xg > 0 _c an_b e J2,s ed _a s _b^ 

£2.r_lh^„^lI£-£5:^ion in^^ 

Local hitting of the rim, dreaded so much with automo- 
bile tires need not be feared in the airplane tire, even 
with Xp = 0.3 provided wide widths are used for small tires 
also. 



3. IITSTALLATIOH 0? BRAKE 

Of influence on the tire dimensions, and the rim diam- 
eter in particular, is the question as to whether the brake 
can be conveniently housed in the wheel. Determinative for 
the dimension are the mechanical and the thermal stresses 
of the brake. 

..^s_t_res se s According to flight experiences 
and measurements a brake decelerating force of around 30 
per cent of the gross weight of the airplane is amply suf- 
ficient to effect a short landing run and acceptable steer- 
ing brake. (Reference 1.) Thr.s the braking force per. 
wheel is assumed at 

- 0.3 

This formula yields according to the roll radius of the 
tire,, the braking torque to be supplied by the braking ar- 
rangement of the wheel. 
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Thermal stresses.- The thermal stress of the "brake 
lining can he expressed as the hral'ing power per 1 cra^ of 
"braking area. The maximnm unit hrake power is 

F-j^ s cms 

Referring the hrake power to the hrake drum radius in- 
stead of to the roll radius of the tire, yields as second 
relation per unit hrake power of the hrake lining: 

N = la q Vrj^ 

wherein |j. = mean friction coefficient of hrake lining, 
Vrr^ - ruohing speed on hrake drum and q = mean surface 
pressu.re of lining. How high one m.ay go in the choice of 
unit hrake pov;er, depends on. the cooling characteristics of 
the hrake, its location with respect to the tire and the 
heat characteristics of the hrake hands. With 1,300 X 300 
cast elektron airplane wheels we ohtained unit hrake power 
up to 45 mkg/s cm^ (2,100 ft.lh/sec. sq . in. ) with standard 
hrake hands without excessive heat in hra'ke wheel or damage 
to Drake lining. In contrast to that the hraking area of 
the 30" X 13" (762 X 330) Goodyear low-pressure wheels was 
so large that not even 10 mkg/s cm ^ (466.6 ft.lh/sec. sq.in 
could he reached in normally hraked landings. 

Verification on arhitrarily chosen tire dimensions as 
to the possihility of housing the hrake is limited to a 
verification of the rim diameter, with certain premises for 
hrake drum width and utilization of hrake drum area. The 
hraking area is expressed hy the total enveloping surface 
of the hrake dru.m: 

Ft = S n 

5 is a degree of utilization of the availahle hrake drum 
area. In two-shoe hrakes for instance, 6 = 0.4 to 0.5, 
and- in three-shoe hrekes 6 = 0.6 to 0.8. In addition, 
hrake drum width hrp is referred to the diameter, thus: 

In internal expanding hrakes € ordinarily amounts to 
0.1 to 0.15. For the huh hrake of the tested 30" X 13" 
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(732 X 330) Goodyear low-pressnre tire this figiire was 

e 1.0. Writing the values for P^^^ in the equation for 

unit iDrahe pouer vie finally obtain 



These equations are used in the following section, on 
page 25 to estimate the "brake drum diameter. 



The most difficult factor involved when enlarging the 
tire volume, is imdouht edly the minimum structural weight 
of the wheel. Reduction in rim diameter permits the design 
of a compact, solid wheel body. As concerns the tires it 
is to be noted that any essential increase in volume is 
followed by a much lower air pressure. This fact should be 
considered in tire dimensions. The weight of the tire^ in 
large volum.e tires is decisive for the weight of the whole 
rheel, and it is urgently requested that the designers of 
airplane tires leave no stone unturned to produce a light 
yet duraule tire series. Fatie.ue tests on light tires re- 
veal the limit very readily. Any estimate of the weight 
especially of small tires with large air volume should^bear 
in mind the saving on additional shock absorption attain- 
able by correct utiliza-^ion of the elastic travel of the 
tire. A comparison of wheel weights alone therefore re- 
veals quite often a misleading picture. 



10.58 G Dt^ 



and for the brake drum diameter: 
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WEIGHT FHOELEMS 



TAPLE III. PROPOSED STAInTDAHI} TIRE SERIES FITH GRADED INFLATIOI^' PRESSURJE EOR AIRPLAYS WHEELS 



2 



3 



8 



Tire Size 



rm 570x220 650x250 760x280 870x300 1000x320 1150x340 1500x550 1400^^360 
in. 22x8,5 26x10 30x11 34x12 40x12,5 45x13,5 51x14 55x14 



Fneel load 
Inflation 

pressure Pq 
Form ra.tio cp 
Elar.tic travel 

under static 

wheel load 
J? 

-^r 

Maxinrarri elas- 
tic travel 

Rim diameter 
Dp 

■"idth of rim 

wall t ' 
Height of 

tii'e "bead h 
Braise dr-am 

diameter Dj 
Braice drum 

wi dth "br^ 
Unit brake _ 

po'.'ier U s 

kg X 2.20462 -. 



kc to 400 400-800 600-1000 1000-1600 1600-2400 2400-3500 3500-4700 4700-6000 



^tm. to 0.65 0.5-0.8 0.6-1.1 



mm 

mm 

mm 

mm 

mm 

mm 

mm 
mki ^ 
cm ^ 

= It. 



2.6 

66 

150 

190 

180 

22 

150 

45 
16 



2.6 



75 

175 

215 

200 

23 

175 

50 
19 



2.7 

84 

195 

275 

220 

24 

220 

60 
20 



O.S-1.5 
2.9 



90 



215 

345 

230 

26 

280 

70 
22 



1.25-2.0 1.7-2.5 2.2-3.0 
3.1 3.4 3.7 



96 

230 

420 

230 

28 

330 

75 
26 



102 

250 

515 

230 

29 

420 

75 
31 



105 

260 

640 

230 

30 

500 

80 
32 



2.8-3.6 
3.9 



108 

270 
710 
230 

32 
570 

SO 



o 



1-3 
CD 
O 

O 
P> 
H 

O 

B 
o 

P> 
\i 
9- 
Pl 
B 



0^1 
00 



rrjii X .03937 = in. irl<:g/s cm^x 46.6644 = f t . In . /sec. sq. in, 
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FHOFOSED iTEW TIHE SERIES ?0R AIRFLAl'E WHEELS 



On the basis of the foregoing re have wor'ced \vp a pro- 
posed new tire series which, as standard series, is to com- 
hine the r.dvantages of ooth the low-pressure and of the 
high-pressure tires. Fibt^re 23 shows the over-all dimen- 
sions of this -proposed standard series, along with the data 
for tire cross section, rira, and brr'ice drum. The principal 
dimensions along with other related data are appended in 
Table 3. 

A few explanations follow: The establishment of new 
tire series should be restricted to as few sizes as possi- 
ble. Eight tires should be sufficient for the range of 
wheel loads existing in airplane design. For small air- 
planes a still smaller tire is probably suitable. 

In setting up the series the fact was kept in i?.ind 
that tne chief pur-pose of the tire is to overcOL.e obstacles 
on the ground* To this end an elastic travel of f^^. = 200 
to 250 mm is r ec om^mended . Unf ortii^at ely however, il' is not 
possible to attain to a minimum of 200 mm travel for the 
small airplane, because it would mean unduly, large tire 
volume with respect to the airT^lane size.. "For that reason 
the maximum elastic travel of the smallest tire w.as w.t at 
f., = 150 mm. 

As form, ratio cp we chose a stage between 2.6 "ror the 
smallest tire, and 3.9 for the large:jt. For very large 
high-pressure tires a cp 4 has proved very acceptable. 
As lower limit cp = 2.2 has already been obtained, but this 
figure appears unduly low from the point of view of unfavor- 
able tire deformations under large deflection and the very 
small rim diameters. As minimum, ve chose cp = 2.6, because 
rolling circle diameters still occur, v/hich permit safe 
landing v/ith bursted tire, even in cases where tlie pilot is 
ignorant of it. 

For the coordination of the wheel load a ^ = 0 . 3 
load deflection was chosen. (See page 20.) The assumed 
i^heel loads, which perm.it a favorable coordination to the 
usual gross weights of m-odern airplanes, the form, ratio 9 
and deflection yield forthv'ith the grading of the in- 

ner pressure p^ on the basis of the analysis . expounded in 
section on page 9. It is advisable not to raise the pres- 
sure much above 3.5 atm. even for large vrheels, in order to 
avoid too much ground pressure when the ground is soft. If 
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the ground is very soft, as on certain commercial air lines, 
the desigii of oversize tires with lov inflation pressures 
for the same rims might "be advisahleo 

The cited rim and hral-e drum dimensions are merely 
aids for the estimation of the tire series Trithout serving 
as absolute prototype. The rim. diameter was chosen on the 
"basis of the usual figures of today (see fig. 24) and spe- 
cifically with a view to braire installation, but at the 
same time small enough so that the maximum possible tire 
deflection affords at least \^ - 0.7, to insure full use 
of the tire volume. 

The demands on the bra'-ie are high, because in spite of 
the chosen large rim diameters the space for the brahe drum 
and mounting of the brahe m.echanism is very restricted. As 
a result only such bralies come into question which permit 
the use of the greatest possible portion of the bralce drum 
area. In order to facilitate the estimation of the braking 
effect, 7/e included in Table III the unit br^.he power of the 
bra]:e linings for the chosen drum dim.ensions, which were 
computed for a rolling speed of 20 m/ s by first full brah-- 
ing effect and a 6 = 0.7 degree of utilization of the brake 
drum (corresponding approximately to a three-shoe brake). 
The unit brake power with the small tire, whose wheel body 
is especially small, and does not evacuate the heat readily, 
begins with a low figure and rises to figures for large 
tires which are well within control with light m.etal wheels. 

The hub dimensions in Pigure 23 are merely intended to 
make the comparison of the tire- series with the conventional 
high-pressure tires easier, and should in no way be con- 
strued as pattern for the design of wheel hubs. The hub 
dimensions correspond to the conventional coordination of 
today to the wheel load of G-erman high-pressure wheels. 

The grading of the proposed standard series becomes 
readily m.anifest from Figures 25 and 26, while Figure 27 
shows the maximum elastic travel of the proposed series 
along with several others. The old high-pressure tires 
yield a slightly curved rise in available elastic travel 
under increasing wheel load. The more recently proposed 
low-pressure tire series with 0.5 to 1.5 atm. inflation 
pressure admittedly proffer a decided improvement in tire 
travel, but they leave untouched the ver^^ marked difference 
in absolute elastic travel between small and large wheels, 
which is in no wise Justified for the rolling. The primary 
piirpose of the tire is "cushioning in rolling" and not 
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"cushioning of landing shock." The energy of one single 
severe landing shock can "be hetter ahsorhed i.e., with 
greater damping, much less expenditure of weight and air 
resistance "by a modern shock ahsorhing strut than is pos- 
sible hy a very large size tire. In accordance with this 
it is attempted with the standard series to utilize the 
advantages accruing from the low-pressure tire for small 
airplanes, "but by a gradual change in dimensions and cor- 
responding grading of inflation pressure to attain to light, 
large tires with relatively small air vol-ame and low air 
resistance • 

FROSPSCTS 



It is impossible to bring all the tire qualities that 
have some bearing on its practical use within exact mathe- 
matical treatment. It was not the object of this work to 
simply compute the hest design shape. Compromises must he 
made. The primary motive of this analysis of tire sizes 
was rather to bring the discussion low-pressure versus high- 
pressure tires to a uniform hasis and to find a way to 
judge tires of any size for airplane wheels. It is hoped 
that the questions touched u^jon here will stimulate dis- 
cussion and comm.ent. In particular, tiie experience of the 
different countries that have heen engaged in the develop- 
ment of tire series for airplane wheels, should prove very 
interesting. It would be very gratifying, indeed, if the 
discussion would ultimately lead to an international stan- 
dard for tire sizes and v/heel huhs. 



Translation hy J. Vanier, 
National Advisory Committee 
for Aeronautics. 
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Fig.l The heavy lines are lines 

of approximation for tne 
mathercavical definition of the 
load a"b9orption. The dashed curves 
represent the approximated areas 
of contact conformably to Fig. 8. 
The intersection of the dashed 
curves with the approximation lines 
3d elds the typical for the tire. 
From 0.45 for the lov7-pressure 
tire, Xg rises to 0.6 for the 
expressed high-pressure tire. 

f (l.:easured) 

f'e (Calculated) 

^(From approx- // i500Km 

imation) 
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Size of 
proposed 
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Figs. 2.3.4 

Inflation pressure, in atm., 
versus deflection. 
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Figs. 5,6 
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o 
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Fig. 5 LoHd F.l:; sorption 

and inner pressure 
rise of 30" x 13" 
(762 X 330 min) Araerican 
tire at various inflation 
pressures plotted against 
deflection X . 



0 .1 .2 .3 .4 .5 .6 .7 

Deflection, X 



kg 




Fig. 5 Load alDsorption 

and inner pressure 
rise of Gerrr.an 1300 x SCO 
tire under different 
inflation pressures 
Tjlotted against X . 
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Figs. 7,8 
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Fig. 7 Load atsorption of American 30"xl3" (762 x 330 mm) 

tire in drop test at different 
impact velocities plotted against ^•'^ 
elastic travel f . 



D 
2 



; 2 



yh 




'777T7/' 



A 



I 



4 



8- 2.2 



Fig. 8 Approximation ellipse of 
area of contact. 
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Form ratio , cp = — 

Fig, 9 For calculating ellipse areas 
Fp = u'bS . 
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Pigs. 10,11 
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Fig. 10 Form factor V versus form ratio cp • 
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Fig. 11 Definition of the inner pressure rise K, versus form 
ratio V, 
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Figs. 12, 13 
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Fig. 12 Correction 
factor for 
wall stiffiiess 1 
versxis inflation 
prosaiire Pq. 
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Fig. 13 Calculated and experiniontal load aoscrpticn of 
1100 X 22C Girman tire versus defloction A , 
Inflation prissiore po = 4 atin. 
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Fig. 14 
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Fig. 14 Determination of load absorption. 
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Pig. 15 Loading corresponds to ?^p=0.i. 

photograph 2 and 2» shov; 
obstacle setting for raaximuin wheel 
load increase. In 5 and 5» the obstacle 
is in the center position vertically 
below the wheel axle; see also the areas 
of contact marked 2 and 2» in Fig. 16 
belonging to these tires. 



Figs. 15, 16, 22 




Fig. 16 Areas of contact in 

load test corresponding 
to Fig. 15; 1 to 5 for 30" x IS*' 
low-pressure tire and 1» to 5' 
for 810 X 125 high-pressure 
tire. The maximum rise in wheel 
force does not lie with center 
setting (5, 5') but rather with 
2, 2' obstacle setting. 




(30 xl3"- 762 X 350mm) 



Fig. 22 Deformatiou of 30" x 13" 

and 810 x 125 tires 
under loading corresponding to 
deflection 

X = Xj» = 0.3 (a and a*) 

X = 0.5 (b and b') 
when riding on rim, i.e. when 

A = ='0.72 (c) 

X= Xg = 0.8 (c'). 
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Pigs. 17,18 



O 13C0 X 3CC = 3 atm. 

(762 X 330) X 30 x 13": =0.5 atm. 

+ 810 x 125 " = 3 atm, 

^' 760 X 100 = 3 atm. 
^:::?^-Ti- , 11.2 ~. 
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Fig. 17 Rise in wheel force p/p^ when rolling over a 20 mm high ohstacle, 
ass-'jning the rolling is infinitely slow and elastic travel f = 



constant^ is forced. 



O 1300 X 300 Po = 3 atm.4 . -. 810 x 125 Tq = 4 atm. 
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Pig. 18 Pise in 7/heel force P/p^ when rolling over a 40 mm high ol)stacle, 

asswiing the rolling is infinitely slow and elastic travel f = 
constant is forced. 
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Figs. 19,20,21 
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Eig. 19 Maximum rise in whoel force "Jl^il versus o"bstacle 
height /tire width ratio, 
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Elastic travel of corventional Ip.nding gears versus static 
wheel load when using high pressiire tires. 
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Fig. 21 



r ^1 ^1 

Quotii of energy atsorption of tire on the total energy ahsorp- 

ticn of landing gear versus static wheel load. The maximum 

elastic travel for tires and shock ahscrher corresponds to the middle 
curves cf Fig. 20. 
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Figs. 24, 25 
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Fig. 24 Conventional rim diaraoters roforred to D 
plotted against form ratio cp . 
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Fig. 25 G-radiiation of tiro diojiicter and tire wi^.tli 
of tlio proposed series plotted against 
static wheel loa-d P^. 
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,26 G-raduation of form ratio cp and inflation 
pressure of proposed tire series versus 
static wheel load. 



V German high-pressure tiros x America,n low-pressure tires 

O American " " " □ Goodyear " " " 

English " " A Proposed standard series 

(¥) According to S.*A.S, handhook, supplement July 1931. 
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irig,27 Mazimujn elastic travel of tiro versus static 
wheel load for different tire series. 



